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LQGXFHWKHVHFKDUDFWHULVWLFVLQWKHSURSRVHGVROXWLRQVIRUDQ\V\VWHP7KLVLGHDZDVIXUWKHUH[WHQGHGE\>@>@DQG>@
DPRQJRWKHUVIRUWKHGHVLJQSUREOHPZLWKWKHVLQJOHREMHFWLYHRIPLQLPL]LQJFRQVWUXFWLYHFRVWV7KHUHVXOWVVKRZWKDW
WKHTXDOLW\RIWKHVROXWLRQVDFKLHYHGZLWKWKLVDSSUR[LPDWLRQLVDVKLJKDVWKHDYHUDJHPHWDKHXULVWLFSURFHGXUHZKLOH
UHTXLULQJOHVVFRPSXWDWLRQDOHIIRUW>@SUHVHQWHGWKHLPSOHPHQWDWLRQRIWKLVNLQGRIPHWKRGRORJ\IRUWKH%DWWOHRIWKH
:DWHU1HWZRUNV,,VKRZLQJWKDWLWUHDFKHVQHDURSWLPDOUHVXOWVQRWRQO\IRUGHVLJQSUREOHPVEXWDOVRIRUUHKDELOLWDWLRQ
SUREOHPVZLWKPXOWLSOH FULWHULD )RU WKH%%/$:1 D VLPLODU DSSUR[LPDWLRQZDV XVHG WR VROYH WKH SUREOHP7KH
PHWKRGRORJ\LVEDVHGRQWKHXVDJHRIVRPHSUHYLRXVO\WHVWHGFULWHULDIRUUHKDELOLWDWLRQRISLSHVWKHHYDOXDWLRQRIQHZ
SURSRVHGFULWHULDIRUWKHPLQLPL]DWLRQRIOHDNDJHDQGRQO\LQVSHFLILFVWHSVRIWKHPHWKRGRORJ\WKHLPSOHPHQWDWLRQ
RI VRPH PHWD KHXULVWLF VHDUFK IRU RSHUDWLRQDO UXOHV ZKLFK VR IDU KDYH QRW EHHQ DQDO\]HG XQGHU WKH PHQWLRQHG
DSSUR[LPDWLRQ$OWKRXJKWKHILQDOVROXWLRQLVH[SHFWHGWREHDKLJKTXDOLW\UHVXOWFRPSDUHGZLWKWKHRWKHUVROXWLRQV
IRUWKH%%/$:1WKHPDLQREMHFWLYHRIWKLVSDSHULVWRVKRZWKHHDVHRIWKHLPSOHPHQWDWLRQRIWKLVPHWKRGRORJLHV
EDVHGRQSUHYLRXVO\GHILQHGFULWHULDDQGWKHLUYHUVDWLOLW\WRVROYHGLIIHUHQW:'6VUHODWHGSUREOHPV
0HWKRGRORJ\
6HYHUDO SUREOHPVZHUH LGHQWLILHG LQ WKH &7RZQ:'6 ILUVW WKH GHOLYHUHG QHWZRUN DV LWVHOI LV QRW FDSDEOH RI
VXSSO\LQJWKHGHPDQGLQDOOFRQVXPHQRGHVPDLQO\EHFDXVHSXPSVDUHQRWDFWLYDWHGDQGVHFRQGWKHUHDUHEDFNJURXQG
OHDNDJHVLQDOOSLSHVZKLFKQHHGWREHFRQWUROOHG)LJGHVFULEHVWKHPHWKRGRORJ\XVHGWRDGGUHVVERWKSUREOHPV


)LJ*HQHUDOPHWKRGRORJ\
)LUVWDOHDNDJHPRGHOZDVDSSOLHGWRWKHLQLWLDOQHWZRUNDOORZLQJ(3$1(7PRGHOLQJZLWKHPLWWHUV$IWHUWKLVILUVW
SURFHVV WKHZKROH QHWZRUNZDVGLYLGHG LQ VHFWRUV DFFRUGLQJ WR'0$¶VGHPDQGSDWWHUQV2QFH WKHQHWZRUNZDV
GLYLGHGDUHKDELOLWDWLRQSURFHVVZDVFRQGXFWHGLQRUGHUWRJXDUDQWHHWKDWSUHVVXUHUHTXLUHPHQWVDUHIXOILOOHGZKLFK
PHDQVLQDOOGHPDQGQRGHVWKHPLQLPXPSUHVVXUHZRXOGQRWEHEHORZP$VRIWKLVSRLQWWKHPDLQREMHFWLYHRI
WKHPHWKRGRORJ\ LV WKHRSHUDWLRQDO RSWLPL]DWLRQRI WKH QHWZRUN LQRUGHU WRGLPLQLVK WKH WRWDO FRVWV UHODWHG WR WKH
VROXWLRQ SUHVHQWHG 7KH LQIUDVWUXFWXUH RSWLPL]DWLRQ ORRNV IRU WKH LPSURYHPHQW RQ WKH K\GUDXOLF EHKDYLRU RI WKH
QHWZRUN WKURXJK LQIUDVWUXFWXUHFKDQJHV VXFKDV LQVWDOODWLRQRIQHZSLSHVQHZERPEVDQGQHZ WDQNV:LWKLQ WKLV
SURFHVVDSXPSRSWLPL]DWLRQZDVDSSOLHGWRGHILQHDGHTXDWHFRQWUROVIRUH[LVWLQJDQGQHZSXPSV$IWHUZDUGVWDNLQJ
LQWR DFFRXQW WKDW RQH RI WKH QHWZRUN¶VPDLQ SUREOHPV LV WKH SUHVHQFH RI OHDNDJHV D YDOYH ORFDWLRQ SURFHVV ZDV
GHYHORSHG WR GHWHUPLQH LQ ZKLFK SLSHV WKH YDOYH ZRXOG EH PRUH DFFXUDWH LQ UHGXFLQJ ZDWHU ORVVHV )LQDOO\ WKH
QHWZRUN¶VVHFWRUVZHUHPHUJHGDJDLQLQRUGHUWRVWXG\WKHK\GUDXOLFSHUIRUPDQFHRIWKHZKROHV\VWHP7KHSDUDPHWHUV
RIWKHOHDNDJHPRGHOZHUHFDOFXODWHGRQFHDJDLQWKHSXPSRSWLPL]DWLRQZDVH[HFXWHGLQWKHFRPSOHWHV\VWHPDQGWKH
WRWDOFRVWZDVGHWHUPLQHG,Q(3$1(7WKHOHDNDJHPRGHOOLQJLVGLIIHUHQWIURPWKHRULJLQDOPRGHOSURSRVHGIRU&
7RZQ $V D FRQVHTXHQFH RI XVLQJ WKLV K\GUDXOLF VRIWZDUH GXULQJ WKH VLPXODWLRQ D PRGHO ZDV GHYHORSHG IRU
UHSUHVHQWLQJWKHOHDNDJHIORZLQDQHTXLYDOHQWDSSUR[LPDWLRQVXFKWKDWWKHPHDQSUHVVXUHLVLQFOXGHGLQWKLVHVWLPDWLRQ
7KHLPSOHPHQWHGDSSURDFKVHHNVWRGHVFULEHDUHODWLRQVKLSEHWZHHQWKHSUHVVXUHVDWWKHSLSHV¶HQGVLQRUGHUWRREWDLQ
DPXOWLSO\LQJIDFWRUGHILQHGDV&WKDWFDQPRGHOWKLVYDULDWLRQDORQJWKHSLSH$VWKHOHDNDJHVZHUHPRGHOOHGLQWKH
GRZQVWUHDPQRGHRIWKHSLSHVWKHIORZGLUHFWLRQZDVDVVLJQHGGHSHQGLQJRQWKH+*/UHJDUGLQJWKDWWKHZDWHUZLOO
JRIURPWKHKLJKHUYDOXHWRWKHORZHURQH3DUDPHWHUİNZDVGHILQHGLQRUGHUWRUHSUHVHQWDOOWKHFRQVWDQWWHUPVLQ
OHDNDJHPRGHOIRUWKHSLSHNDVVXPLQJWKDW&ZLOOQRWKDYHVLJQLILFDQWYDULDWLRQVDORQJWKHVLPXODWLRQ7KHH[SUHVVLRQ
IRUWKLVSDUDPHWHULVVKRZQLQ(TZKHUHȕNDQGĮNFRUUHVSRQGVWRWKHSDUDPHWHUVRIEDFNJURXQGOHDNDJHPRGHO
DQG/NLVWKHOHQJWKRIWKHSLSHN
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%\ LQVHUWLQJ WKLV H[SUHVVLRQ LQWR WKHRULJLQDO OHDNDJHPRGHO WKH UHVXOWLQJ DSSURDFK IRUPRGHOOLQJEDFNJURXQG
OHDNDJHV XVHG IRU WKH SURSRVHG VROXWLRQ LV VKRZQ LQ  ZKHUH DV LW FDQ EH VHHQ LW LV IXQFWLRQ RI WKH SUHVVXUH
GRZQVWUHDPWKHSLSHN3'6
   NOHDNVN N PHDQ N '6G 3 3DH   
$V(3$1(7PRGHOVOHDNDJHVORFDWHGDWWKHQRGHVWKURXJKHPLWWHUVWKHEDFNJURXQGOHDNDJHVZHUHDVVLJQHGWRWKH
GRZQVWUHDPQRGHRIWKHSLSHVEHFRPLQJLQWRİLIRUWKHQRGHL7KLVPHDQVWKDWZKHQDWWLPHLQWHUYDOWWKHQRGHLKDV
RQO\RQHSLSHXSVWUHDPİLWZLOOEHHTXDOWRİNW,QFDVHWKHQRGHLLVGRZQVWUHDPRIPRUHWKDQRQHSLSHİLWZLOOEHWKH
VXPRIWKHFRUUHVSRQGLQJİNW7KHVHWRISLSHVZKRVHOHDNDJHVDUHDVVLJQHGWRWKHQRGHLZLOOEHNQRZQDV%/$VWKH
IORZGLUHFWLRQRIWKHSLSHNFDQFKDQJHEHWZHHQWLPHLQWHUYDOVWKHSDUDPHWHUİLWZLOOFKDQJHDORQJWKHVLPXODWLRQ)RU
WKLVUHDVRQWRGHWHUPLQHWKHILQDOSDUDPHWHUİLRIHDFKQRGHLQWKHQHWZRUNDQDULWKPHWLFDYHUDJHZDVXVHGIRUDOOWKH
GXUDWLRQRIWKHK\GUDXOLFH[HFXWLRQLQWKLVFDVHDZHHNKRXUVDVVKRZQLQ(T
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,QWKHSURSRVHGVROXWLRQDWWKLVVWHSRIWKHPHWKRGRORJ\WKHIORZFKDUWVKRZQLQ)LJZDVXVHG$VWKHLQLWLDO
VWDWHRI&7RZQGLGQRWKDYHWKHSXPSVWDWLRQVRSHUDWLQJLWZDVUHTXLUHGWRHVWDEOLVKDIXQFWLRQDOVWDWHRIWKHQHWZRUN
ZKHUHWKHK\GUDXOLFYDULDEOHVVXFKDVSUHVVXUHVZHUHNQRZQ7RDFFRPSOLVKWKLVWKHVROXWLRQREWDLQHGIRU'7RZQ
GXULQJ%:1,,ZDVXVHG >@ VHHNLQJ WRDFKLHYHDQDFFXUDWH OHDNDJHHVWLPDWLRQEDVHG LQD IXQFWLRQDODQGNQRZQ
VROXWLRQ2QFHWKHQHWZRUNZDVUHKDELOLWDWHGDQGDQLQLWLDOHVWLPDWLRQRI&7RZQSUHVVXUHVZDVGRQHWKHOHDNDJH
SDUDPHWHUVHVWLPDWLRQSURFHVVZDVDSSOLHGDJDLQIRUWDNLQJLQWRDFFRXQWWKHFKDQJHVEHWZHHQWKHWZRQHWZRUNV


)LJ/HDNDJH3DUDPHWHUV(VWLPDWLRQ
7KHUHKDELOLWDWLRQDQGLQIUDVWUXFWXUHRSWLPL]DWLRQSURFHVVHVZHUHFRQGXFWHGLQLWLDOO\XQGHUWZRGLIIHUHQWK\GUDXOLF
FULWHULDIRU6HFWRU7KHVHFULWHULDGHILQHWKHSLSHUHSODFLQJRUGHUIRUPHHWLQJSUHVVXUHUHTXLUHPHQWVDQGLPSURYLQJ
K\GUDXOLFEHKDYLRURIWKHQHWZRUN7KHILUVWK\GUDXOLFLQGH[XVHGZDVWKH6SHFLILF3RZHU63FDOFXODWHGDV
 S S I P S63 4 K K    
ZKHUH63SLVWKHSRZHUGLVVLSDWHGE\WKHSLSHS4SLVWKHIORZUDWHRQWKDWSLSHDQGKIDQGKPDUHWKHIULFWLRQDQG
PLQRUORVVHVUHVSHFWLYHO\>@,QWKLVZD\WKHSLSHZLWKWKHPD[LPXP63ZRXOGEHWKHRQHFKDQJHGLQLWLDOO\IRUD
SLSHZLWKWKHVDPHGLDPHWHUEXWQHZDQGLIWKHFULWHULRQVXJJHVWHGWKHVDPHSLSHIRUDVHFRQGWLPHLWVGLDPHWHUZDV
LQFUHDVHG7KHVHFRQGFULWHULRQLVNQRZQLQ(3$1(7DV8QLW+HDGORVV8+DQGLWLVFDOFXODWHGDV
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ZKHUH8+SLVWKHHQHUJ\GLVVLSDWHGE\WKHSLSH݌SHUXQLWOHQJWKDQG/SLVWKHOHQJWKRIWKHSLSH$VERWKFULWHULD
H[SUHVVGLVVLSDWLRQRIHQHUJ\LQHDFKSLSHDPD[LPXPYDOXHRQHLWKHURIWKHPLQGLFDWHVWKDWWKHSLSHPXVWEHUHSODFHG
)RU FRPSDULQJ WKH SHUIRUPDQFH RI ERWK FULWHULD XQGHU WKH JLYHQ WRWDO FRVWV IXQFWLRQ WKH OHDNDJHV HQYLURQPHQWDO
SHQDOW\WKHSXPSLQJDQGUHTXLUHGLQIUDVWUXFWXUHFRVWVZHUHHYDOXDWHGLQDILUVWYHUVLRQRI6HFWRU7KHUHVXOWVIRUWKLV
SURFHVVDUHVKRZQLQ7DEOH
7DEOH5HVXOWVRI5HKDELOLWDWLRQDQG,QIUDVWUXFWXUHFULWHULD
&ULWHULRQ 3XPSLQJ 5HTXLUHG,QIUDVWUXFWXUH /HDNDJHV 7RWDO
63 ¼ ¼ ¼ ¼
8+ ¼ ¼ ¼ ¼

$VLWFDQEHVHHQLQWKHWDEOHWKH8QLW+HDGORVVSURYLGHVDEHWWHUVROXWLRQIRUWKHK\GUDXOLFRSWLPL]DWLRQRI6HFWRU
 PDLQO\ EHFDXVH 63 FULWHULRQ UHTXLUHV D VLJQLILFDQWO\ KLJKHU SLSHV LQYHVWPHQW IRU IXOILOOLQJ PLQLPXP SUHVVXUH
UHTXLUHPHQWV)RUWKLVUHDVRQUHKDELOLWDWLRQDQGLQIUDVWUXFWXUHRSWLPL]DWLRQZHUHGHYHORSHGXQGHUWKH8QLW+HDGORVV
FULWHULRQ7KHSURFHGXUHIRUUHKDELOLWDWLRQZDVGHYHORSHGDFFRUGLQJWR)LJ)LUVWWKHFULWLFDOQRGHDQGLWVFULWLFDO
SDWKZHUHIRXQGWKHQWKH8+ZDVGHWHUPLQHGRQO\IRUWKHVHSLSHVIRUWKHPRPHQWZKHQWKHSUHVVXUHZDVPLQLPXP
7KH SLSH ZLWK WKH PD[LPXP8+ ZDV UHSODFHG ILUVW IRU D QHZ SLSH ZLWK WKH VDPH GLDPHWHU DQG WKH K\GUDXOLF
FDOFXODWLRQZDVH[HFXWHGDJDLQIRUFKHFNLQJLWVSHUIRUPDQFH7KLVSURFHGXUHZDVGRQHXQWLOWKHSUHVVXUHLQWKHFULWLFDO
QRGHZDVDERYHP


)LJ5HKDELOLWDWLRQ3URFHVV
$OOSXPSVDUHFRQWUROOHGEDVHGRQWDQNV¶OHYHOVPRUHVSHFLILFDOO\E\WKHWDQNVRQWKHLUVHFWRU\HWWKHQXPEHURI
SRVVLEOHFRQWUROVLVLQILQLWHKHQFHD*HQHWLF$OJRULWKPSURFHGXUHZDVXVHGWRGHWHUPLQHWKHRSWLPDOFRQWUROOHYHOVIRU
HYHU\SXPS7KH ILWQHVVRI HYHU\SKHQRW\SHZDVGHWHUPLQHGE\ WKH HQHUJ\ FRQVXPSWLRQZKLFK LV GHILQHG DV WKH
PXOWLSOLFDWLRQRIHDFKSXPSSRZHUDQGWKHHQHUJ\FRVWSDWWHUQ$GGLQJWKHHQHUJ\FRQVXPSWLRQRIHYHU\SXPSGXULQJ
VLPXODWLRQ WLPH D ILQDO HQHUJ\ UHVXOW ZDV REWDLQHG WKLV HQHUJ\ ZDV FRPSDUHG EHWZHHQ SKHQRW\SHV LQ RUGHU WR
GHWHUPLQHWKHEHVWRQHVZKLFKZRXOGFRQWLQXHWRWKHIROORZLQJJHQHUDWLRQV7KHILUVWJHQHUDWLRQZDVUDQGRPO\FUHDWHG
DQGXVLQJWKH(OLWHV3KHQRW\SHV&URVVRYHU0XWDWLRQDQGUDQGRP3KHQRW\SHVFRQFHSWVWKHIROORZLQJJHQHUDWLRQZDV
FUHDWHG ,Q RUGHU WR REWDLQ WKH ILWWHVW SKHQRW\SHV WKUHH UHVWULFWLRQV ZHUH HVWDEOLVKHG QRGHV PXVW DOZD\V VDWLVI\
PLQLPXPSUHVVXUHPWDQNVPXVWQHYHUUHDFKDOHYHORIDQGWDQN¶VILQDOOHYHOPXVWQHYHUEHORZHUWKDQWKH
LQLWLDOOHYHO(YHU\WLPHRQHRIWKHVHUHVWULFWLRQVZDVQRWIXOILOOHGWKHSKHQRW\SHUHFHLYHGDSHQDOL]DWLRQSUHYHQWLQJ
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KLPWRFRQWLQXHWRWKHQH[WJHQHUDWLRQ7KLVSURFHVVZDVH[HFXWHGIRUHYHU\LQGLYLGXDOVHFWRUDVZHOODVIRUWKHZKROH
QHWZRUNWKHQXPEHURISKHQRW\SHVDQGJHQHUDWLRQVZDVHVWDEOLVKHGGHSHQGLQJRQWKHVL]HRIWKHVHFWRU


)LJ,QIUDVWUXFWXUH2SWLPL]DWLRQ3URFHVV
7KH ILQDOSXPSFRQWUROVZHUHHVWDEOLVKHGXVLQJ WKLVPHWKRGRORJ\DQG WKH\ UHSUHVHQWD UHGXFWLRQ LQ WKHQRGH¶V
JHQHUDOSUHVVXUHPHDQLQJDUHGXFWLRQRQWKHOHDNDJHLWZDVDOVRREVHUYHGWKDWWKHRSWLPDOVFHQDULRVREWDLQHGZHUH
WKRVHZKHQSXPSLQJRFFXUUHGGXULQJORZHQHUJ\WDULIIWLPHV$VLWZDVSUHYLRXVO\H[SRVHGWKH8+FULWHULRQZDVDOVR
DSSOLHGLQWKHLQIUDVWUXFWXUHRSWLPL]DWLRQVWHSRIWKHFRPSOHWHPHWKRGRORJ\7KLVSURFHGXUHLVVKRZQLQ)LJ7KH
LQIUDVWUXFWXUH RSWLPL]DWLRQ SURFHVV ORRNV IRU SLSHV WKDW PXVW EH FKDQJHG LQ WKH QHWZRUN LQ RUGHU WR LPSURYH LWV
K\GUDXOLFEHKDYLRUZLWKSXPSLQJFRVWVVDYLQJV(YHQLIDOOQRGHVIXOILOOSUHVVXUHUHTXLUHPHQWVWKH8+FRPSXWDWLRQ
RYHUWKHFULWLFDOSDWKFRQWLQXHGXQWLODUHSODFHPHQWLQDSLSHZLWKWKHFRUUHVSRQGHQWSXPSVFRQWUROVDFWXDOL]DWLRQ
GLGQRWJHQHUDWHFRVWVDYLQJV2QFHWKLVSRLQWZDVUHDFKHGWKHSXPSRSWLPL]DWLRQSURFHVVZDVH[HFXWHGWRILQGPRUH
DFFXUDWHYDOXHVWRFRQWUROWKHSXPSV)LQDOO\DWWKLVSRLQWWKHOHDNDJHVSDUDPHWHUVZHUHUHFDOFXODWHGIRULPSURYLQJ
WKLVPRGHOLQJEHFDXVHWKHVHSUHVVXUHVDUHPRUHDFFXUDWHWKDQSUHVVXUHVIURP'7RZQPRGHO>@


)LJ9DOYH/RFDWLRQ3URFHVV
)LQDOO\WKHPHWKRGRORJ\IRUYDOYHORFDWLRQLVGHVFULEHGLQ)LJ7KLVSURFHVVXVHVDQRWKHUK\GUDXOLFFULWHULRQIRU
FKRRVLQJWKRVHSLSHVZKHUHDYDOYHLVLQVWDOOHG7DNLQJLQWRDFFRXQWWKDWWKH]RQHVZKHUHWKHYDOYHVPXVWEHSODFHG
DUHWKHRQHVZLWKSUHVVXUHFRQVLGHUDEOHKLJKHUWKDQWKHPLQLPXPDOORZDEOHIRUHDFKSLSHWKH)ORZ3UHVVXUHLQGH[
)3LVFRPSXWHGDV
  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ZKHUH)3S³PHDVXUHV´LIWKHSLSHVXSSOLHVD]RQHRIWKHQHWZRUNZLWKKLJKSUHVVXUHV3'6LVWKHSUHVVXUHRIWKH
GRZQVWUHDPQRGH4SLVWKHIORZUDWHRQWKHSLSHDQG3PLQLVWKHPLQLPXPDOORZDEOHSUHVVXUHP7KLVLQGH[LV
HYDOXDWHGDVWKHVXPRIWKLVYDOXHLQDOOWLPHVWHSVRIWKHVLPXODWLRQ2QFHWKHLQGH[ZDVIL[HGWZRPDLQSURFHVVHV
ZHUHGHYHORSHGWKHILUVWRQHZDVIRFXVHGRQORFDWLQJYDOYHVLQRSHQVHFWRUV2QHDFKRIWKHVHVHFWRUVD)3FDOFXODWLRQ
ZDVGRQHIRUORFDWLQJDQHZYDOYHDQGWKHSURFHVVZDVUHSHDWHGXQWLOQRFRVWVDYLQJVZHUHUHDFKHG:KHQDOORSHQ
VHFWRUVKDGEHHQDQDO\]HGWKH)3FRPSXWDWLRQZDVDSSOLHGDJDLQEXWLQWKHZKROHVHFWRU%HIRUHSODFLQJDYDOYHWKH
SLSHZDVFORVHGLQRUGHUWRVLPSOLI\WKHK\GUDXOLFSHUIRUPDQFHRIWKH]RQHDQGPDNHYDOYHORFDWLRQPRUHDFFXUDWH
FRQVLGHULQJWKDWSODFLQJDYDOYHFKDQJHVWKHK\GUDXOLFRIDFORVHG]RQH,IWKHFORVXUHSURGXFHGQHJDWLYHSUHVVXUHV
WKLV ODVWFKDQJHZDVUHYHUVHGDQGDYDOYHZDVSODFHG7KLVSURFHVVZDVGRQHXQWLOQRFRVWVDYLQJVZHUHUHDFKHG
%HIRUHJDWKHULQJWRJHWKHUWKHVHFWRUVDSXPSRSWLPL]DWLRQDQGOHDNDJHVSDUDPHWHUVHVWLPDWLRQSURFHVVZDVH[HFXWHG
DJDLQ2QFHWKHQHWZRUNZDVPHUJHGWKHSDUDPHWHUVRIHPLWWHUVZHUHFDOFXODWHGIRUDODVWWLPHDSXPSRSWLPL]DWLRQ
ZDVPDGHIRUGHWHUPLQLQJWKHILQDOFRQWUROYDOXHVDQGWKHILQDOFRVWVZHUHFRPSXWHG
'HVLJQ5HVXOWV
6HFWRU
,Q6HFWRUDIWHUDILUVWK\GUDXOLFH[HFXWLRQFDPHWRQRWLFHWKDWWKHVHFWRUGLGQRWPHHWWKHPLQLPXPSUHVVXUHVLQ
IDFW WKHUH ZKHUH D ODUJH TXDQWLW\ RI QRGHV ZLWK QHJDWLYH SUHVVXUHV 'XH WR WKLV LW ZDV QHFHVVDU\ WR GR VRPH
UHKDELOLWDWLRQRQWKHVHFWRU,QWKHUHKDELOLWDWLRQSURFHVVWKHFULWLFDOQRGHQRGHZLWKWKHPLQLPXPSUHVVXUHZDV-
DQGLQRUGHUWRIXOILOOWKHPLQLPXPSUHVVXUHVUHTXLUHPHQWVWZRSLSHVKDGWREHUHSODFHGWKHSLSHVZHUH3DQG
37KHLQIUDVWUXFWXUHRSWLPL]DWLRQSURFHVVZDVH[HFXWHGDIWHUWKHUHKDELOLWDWLRQSURFHVV8VLQJWKH8QLW+HDGORVV
FULWHULRQSLSHFKDQJHVZHUHPDGHWKHVHSLSHVZHUH333DQG37KHSLSHV¶URXJKQHVVZDVWKHUHDVRQ
IRUUHSODFHPHQWIRUWZRVSHFLILFFDVHVVLQFHLWFDXVHGKLJKXQLWDU\ORVVHVDIIHFWLQJWKHSUHVVXUHRQWKHFULWLFDOQRGH
IRUWKHRWKHUWZRWKHUHDVRQZDVWKHGLDPHWHUVL]HFRQVLGHULQJWKDWWKHLQLWLDOGLDPHWHUOLPLWHGWKHIORZWKURXJKWKHP
ZKLFKGHFUHDVHGWKHSUHVVXUHRQWKHFULWLFDOQRGH,QWKLVSURFHVVWKHFULWLFDOQRGHZDVDOZD\V-DQGDOOWKHPRGLILHG
SLSHVZHUHSDUWRIWKHFULWLFDOSDWKV2QHDFKLWHUDWLRQDSXPSRSWLPL]DWLRQSURFHVVZDVPDGHLQRUGHUWRDVVLJQWKH
EHVWSRVVLEOHFRQWUROVWRWKHSXPSLQWKHVHFWRU7KLVSURFHVVDOORZHGDEHWWHUFRQWURORYHUDOOSUHVVXUHVRQWKHVHFWRU
DQGWKHWDQNV7DQG7OHYHOV
7DEOH3XPSFRQWUROVIRU6HFWRU
3XPS $FWLRQ 7DQN 2SHUDWLRQ /HYHO
38 23(1 7 %(/2: 
38 &/26(' 7 $%29( 
38 23(1 7 %(/2: 
38 &/26(' 7 $%29( 
38 23(1 7 %(/2: 
38 &/26(' 7 $%29( 

)LQDOO\WKH)3FULWHULRQIRUYDOYHVORFDWLRQZDVXVHG7KHILUVWYDOYHVZHUHLQVWDOOHGLQ]RQHVZKHUHRSHQQHWZRUNV
FRXOGEH LVRODWHGIROORZHGE\ LQVWDOODWLRQ LQVWUDWHJLFSLSHV UHGXFLQJ WKHH[FHVVRISUHVVXUH LQVRPHQRGHV$IWHU
H[HFXWLQJWKLVSURFHVVDWRWDORIYDOYHVZHUHLQVWDOOHGRQVWUDWHJLF]RQHVSHUPLWWLQJDJOREDOSUHVVXUHUHGXFWLRQ
PHDQLQJDVZHOOOHDNDJHUHGXFWLRQ$IWHUWKLVSURFHVVWKHSXPSRSWLPL]DWLRQZDVDJDLQXVHGJHWWLQJWKHILQDOSXPS
FRQWUROVIRUWKHVHFWRUWKHVHDUHSUHVHQWHGRQ7DEOH$VLWFDQEHVHHQDOOWKHSXPSVDUHFRQWUROOHGEDVHGRQWDQN
7¶VOHYHOVWKLVLVGXHWRWKHIDFWWKDW7¶VOHYHOVZHUHXVXDOO\UHDFKLQJXQSHUPLWWHGYDOXHV
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6HFWRU
6HFWRUQHHGHGQRLQLWLDOUHKDELOLWDWLRQ:LWKWKHWZRH[LVWLQJSXPSVIXQFWLRQLQJDOOWKHWLPHQRQHRIWKHQRGHV
SUHVHQWHGFULWLFDOSUHVVXUHVEHORZPDQGWKHWDQNGLGQRWHPSW\+RZHYHUQRGHV--DQG-ZKLFK
DUHLQWKHVDPHFULWLFDOURXWHEHWZHHQWKHSXPSLQJV\VWHPDQGWKHWDQNKDGSUHVVXUHVEHORZP$QLQLWLDOFRQWURO
ZDVGHVLJQHGWRRSWLPL]HWKHSXPSLQJV\VWHPEXWWKHSXPSVUHPDLQHGIXQFWLRQLQJDOPRVWDOORIWKHWLPHGXHWRWKH
QHFHVVLW\RIUHTXLULQJPLQLPDOSUHVVXUHVLQQRGHV--DQG-7KHUHIRUHFKDQJLQJSLSHV333
DQG3DOORIWKHPPDNLQJSDUWRIWKHFULWLFDOURXWHRSWLPL]HGWKHLQIUDVWUXFWXUH7KHVHSLSHVZHUHFKRVHQEHFDXVH
RIWKHLUKLJK8+$IWHUWKHLQIUDVWUXFWXUHRSWLPL]DWLRQRSHQVHFWRUVZHUHLGHQWLILHG7KHVHVHFWRUVEHJLQZLWKWKH
IROORZLQJSLSHV3LSH3RQHYDOYHZDVORFDWHGSLSH3VL[YDOYHVZHUHORFDWHGSLSH3HLJKWYDOYHVZHUH
ORFDWHGSLSH3 WKUHHYDOYHVZHUH ORFDWHG0RUHRYHUSLSHV333DQG3ZHUHDOVRPRGLILHG WR
LQFOXGHDYDOYH)LQDOO\SXPSFRQWUROVZHUHPRGLILHGWRWXUQRQSXPS38LIWKHZDWHUOHYHOLQWKHWDQN7GURSV
EHORZPDQGWXUQRIILIWKHZDWHUOHYHOLQWKHWDQNULVHVDERYH3XPS38WXUQVRQLIWKHZDWHUOHYHOLQWKH
VDPHWDQNGURSVEHORZPDQGWXUQVRIILIWKHZDWHUOHYHOLQWKHWDQNULVHVDERYHP
6HFWRU
7KHVHFWRUSUHVHQWHGDVSHFLDOVLWXDWLRQEHFDXVHWKHFULWLFDOSRLQWZDVQRWWKHPLQLPXPSUHVVXUHRQDMXQFWLRQ
EXWWKHHPSW\LQJRIWKHVHFWRUVWDQN7KHUHIRUHWKHUHZDVQRQHHGWRUHKDELOLWDWHWKHVHFWRUFRQVHTXHQWO\WKHQH[W
VWDJHZDVWKHLQIUDVWUXFWXUHRSWLPL]DWLRQ,WLVUHOHYDQWWRHVWDEOLVKWKDWWKLVVHFWRUZDVYHU\VPDOODQGWKHUHIRUHWKH
OHQJWKVRI WKHSLSHVZHUHFRQVLGHUDEO\ VKRUW %HVLGHV WKHLU URXJKQHVVZHUHYHU\ ORZDQG LWZDVDQRSHQVHFWRU
%HFDXVHRIDOOWKLVWKHFULWHULRQRI8+VKRZHGLWZDVQRWSRVVLEOHWRPDNHDQLQIUDVWUXFWXUHRSWLPL]DWLRQRQWKHFULWLFDO
SDWK7KHWKLUGVWHSZDVWKHYDOYHVORFDWLRQ7RORFDWHWKHVHDFFHVVRULHVWKH)3FULWHULRQZDVXVHG1HYHUWKHOHVVLWLV
LPSRUWDQWWRUHPHPEHUWKDWWKHVHFWRUZDVPDLQO\RSHQDQGWKLVLPSOLHVWKDWWKHVWHSRIFORVLQJSLSHVZDVQRWDSSOLHG
)LQDOO\ WKHYDOYHVZHUH ORFDWHGRQ WKHSLSHV33333/DVWO\ WKHRSWLPL]DWLRQRISXPSLQJ
FRQWUROVZDVPDGHZLWKWKH*$URXWLQH,WVKRZHGWKDWWKHORZHVWHQHUJ\FRVWZDVREWDLQHGZKHQWKHSXPS38ZDV
RSHQHGZKHQWKHSUHVVXUHRIWKH7DQN7ZDVEHORZPDQGFORVHGZKHQLWZDVDERYHP2QWKHRWKHUVLGH
WKHSXPS38ZDVRSHQHGZKHQWKHSUHVVXUHRIWKH7DQN7ZDVEHORZPDQGFORVHGZKHQLWZDVDERYH
P$WWKLVVWDJHLWZDVVHHQWKDWWKHWDQNFRXOGEHHIILFLHQWO\UHJXODWHGZKHQWZRSXPSVZHUHXVHGLQVWHDGRIRQH
DQGIRUWKDWUHDVRQSXPSV38DQG38ZHUHHPSOR\HG
6HFWRU
,Q 6HFWRU  DIWHU D ILUVW K\GUDXOLF H[HFXWLRQ DOO WKH GHPDQG QRGHV LQ WKH VHFWRU PHW WKH PLQLPXP SUHVVXUH
UHTXLUHPHQWVRWKHSURFHVVRIUHKDELOLWDWLRQZDVQRWQHFHVVDU\LQWKLVFDVH$WWKHLQLWLDOVLWXDWLRQ7DQNZDVDWLWV
PD[LPXPOHYHOGXULQJDOOWKHVLPXODWLRQZKLOHWKHVDPHYDULDEOHLQWKH7DQN7SUHVHQWHGDQRVFLOODWLQJYDOXHHYHQ
HPSW\LQJ GXULQJ D SHULRG 'XULQJ WKH LQIUDVWUXFWXUH RSWLPL]DWLRQ WKH FULWLFDO QRGH ZDV GHWHFWHG DV WKH RQH WKDW
SUHVHQWHGWKHORZHUSUHVVXUHLQWKHVHFWRU7KLVQRGHZDV-ZKLFKLVGRZQVWUHDP7DQN78VLQJWKHFULWHULRQRI
8+WKHSLSHVWKDWQHHGHGWREHUHSODFHGZLWKQHZRQHVZHUH3DQG3DQGWKHPDLQUHDVRQIRUWKHVHFKDQJHV
ZDVWKDWWKHURXJKQHVVRIWKHSLSHVZDVJHQHUDWLQJKLJKIULFWLRQORVVHVDIIHFWLQJWKHK\GUDXOLFEHKDYLRURIWKHFULWLFDO
QRGHDV WKH\ZHUH LQ WKHFULWLFDOSDWKEHWZHHQ WKHSXPS VWDWLRQVDQG WKHQRGH8VLQJ WKH)3FULWHULRQ IRU YDOYHV
ORFDWLRQWKHVHDFFHVVRULHVZHUHSODFHGILUVWLQWKRVH]RQHVZKHUHRSHQQHWZRUNVFRXOGEHLVRODWHGDQGWKHQLQWKHUHVW
RIWKHVHFWRUIRUUHGXFLQJWKHH[FHVVRISUHVVXUHVLQVRPHQRGHV)LQDOO\DIWHUWKLVSURFHVVWKHYDOYHVZHUHORFDWHGLQ
SLSHV33333DQG33XPSFRQWUROVZHUHPRGLILHGLQRUGHUWRRSWLPL]HSXPSLQJFRVWV7KH
FRQWUROVWKDWREWDLQHGWKHORZHVWHQHUJ\FRVWWXUQHGRQWKHSXPS38ZKHQWKHOHYHOLQ7DQN7ZDVEHORZP
DQGFORVHGLWZKHQWKHOHYHOZDVDERYHP3XPS38ZDVRSHQHGZKHQWKHOHYHOLQ7DQN7ZDVEHORZ
PDQGFORVHGZKHQWKHOHYHOZDVDERYHP
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6HFWRU
6HFWRUGLGQRWQHHGUHKDELOLWDWLRQEHFDXVHSUHVVXUHVLQDOOQRGHVLQFOXGLQJWKHFULWLFDOQRGH-WKDWSUHVHQWHG
WKHORZHVWSUHVVXUHZHUHDERYHWKHPLQLPXPDOORZDEOHSUHVVXUHP8VLQJWKH8+FULWHULRQIRULQIUDVWUXFWXUH
RSWLPL]DWLRQSLSH3ZDVVHOHFWHGWREHUHSODFHGIRUDQHZRQH+RZHYHUWKHFRVWRIWKHVHOHFWHGSLSHZDVJUHDWHU
WKDQWKHHQHUJ\FRVWVVDYLQJWKHUHIRUHLQIUDVWUXFWXUHRSWLPL]DWLRQZDVQRWUHTXLUHG8VLQJWKH)3FULWHULRQIRUYDOYHV
ORFDWLRQYDOYHVZHUHSODFHG LQSLSHV33333 3333DQG3 ,W UHGXFHG
SUHVVXUHV LQQRGHVZLWKKLJKSUHVVXUHVDQG WKHUHIRUHUHGXFHG OHDNDJHVFRVW7KHFRQWUROV WKDWREWDLQHG WKH ORZHVW
HQHUJ\FRVWRSHQHGWKH3XPS38ZKHQWKHOHYHOLQ7DQN7ZDVEHORZPDQGFORVHGLWZKHQWKHOHYHOZDVDERYH
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XQWLOWKHUHGXFWLRQRIWKHHQYLURQPHQWDOFRVWVZDVQHJOLJLEOHLQFRPSDULVRQZLWKWKHFRVWRIWKHYDOYH¶VLQVWDOODWLRQ
,QJHQHUDODUHGXFWLRQRIRQZDWHUORVVHVZDVDFKLHYHGLQWKHQHWZRUNEHLQJRQHRIWKHPRGLILFDWLRQVWKDWKHOSHG
WRUHGXFHPRVWRIWKHFRVWV8VLQJ*HQHWLF$OJRULWKP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IRUWKHSXPSRSWLPL]DWLRQSURFHVVVLJQLILFDQWO\UHGXFHG
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RIFRPSDULQJWKHLQLWLDOVFHQDULRDQGWKHRQHDIWHUWKHRSWLPL]DWLRQZDVH[HFXWHG
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